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Abstract Microleakage is the most common cause of bracket debonding. Moreover, different thermal 
expansion coefficients between the enamel, the adhesive, and the bracket bases will cause 
repeated expansion and contraction, adding more stress to the bonding strength. Debonding 
represents the failure of the adhesion between the brackets and the tooth enamel. The debonding 
of brackets from the enamel surface is the result of several factors, such as acid-etching and 
drying, adhesive application, and the time and type of photo activation. The under polymerization 
process of composite photo activation may lead to early bracket debonding. Objective. The aim of 
this research is to review the available studies assessing bracket debonding due to microleakage. 
Material and Methods. An electronic search in Pub Med database and Web of Science was 
conducted between September-October 2018. The inclusion criteria were articles written in 
English, full-text articles, studies published in the last 5 years, studies in vivo, ex vivo, and in 
vitro. The outcome measures in this research were the conditions that determine orthodontic 
bracket debonding due to microleakage. Results. The MEDLINE search resulted in 510 titles and 
abstracts that were relevant to the present topic; after selecting the articles published in the last 
five years, 74 were available for further selection. After the exclusion of all the studies irrelevant 
for the aim of the paper, 13 articles were finally included in this research. In vitro studies showed 
that microleakage score was higher in the gingival margin at the enamel-adhesive interfaces and 
in the occlusal margin at the adhesive-metal bracket interfaces. Conclusion. Bracket debonding 
remains the main concern during the orthodontic treatment, despite the new techniques. 
Keywords  bracket debonding, microleakage, orthodontics 
Highlights  In vitro microleakage value was higher in the gingival margin at the enamel-adhesive 
interfaces and in the occlusal margin at the adhesive-metal bracket interfaces. 
 Bracket debonding remains the main concern during the orthodontic treatment, despite 
the new techniques that may improve the conventional orthodontic treatment. 
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Introduction 
The first studies published on the bonding techniques 
used for bonding brackets to the enamel surface were 
conducted during the 1960s and those techniques have 
constantly improved ever since (1, 2). 
Different materials have been used in order to produce 
esthetic and non-esthetic brackets, such as stainless steel, 
ceramics, titanium, and polymers. In order to select the 
most suitable bracket adhesive combinations, in vitro 
studies are performed to evaluate the orthodontic bonding 
strength. 
The laboratory tests evaluating the shear and tensile 
bond strength are the most used tests in the detection of 
the fulfillment of the orthodontic bonding system (3-5). 
Debonding represents the failure of adhesion between 
the brackets and the tooth enamel. The debonding of 
brackets from the enamel surface is the result of several 
factors, such as acid-etching and drying, adhesive 
application, and the time and type of photo activation. 
The under polymerization process of composite photo 
activation may lead to early bracket debonding (6-8). 
The bond strength between the bracket base and the 
enamel surface is essential in orthodontics. Microleakage 
is the most common cause of bracket debonding, 
representing the reduction in the marginal integrity, thus 
permitting the diffusion of bacteria, oral fluids, ions, and 
different types of molecules between the marginal gaps. 
Different thermal expansion coefficients between the 
enamel (α=12 ppm/˚C), the adhesive (α= 20-55 ppm/˚C) 
and the bracket base (α=16 ppm/˚C) will cause repeated 
expansion and contraction, adding additional stress to the 
bonding strength (9-13). 
The minimum acceptable shear bond strength values 
of orthodontic appliances range between 5.8 MPa and 7.8 
MPa; however, when the bond strength exceeds 10MPa, 
the enamel is damaged (14). 
Nowadays, direct and indirect bonding methods are 
used in orthodontics, both having advantages and 
disadvantages, and that correlate with bracket detachment 
(15). The systems that can be used in orthodontics for the 
shear bond strength are acid primer, light-curing glass 
ionomer, light-cured and self-cured composite adhesive 
systems (16, 17). 
Objective 
The aim of the current research is to systematically 
review available studies assessing bracket detachment due 
to microleakage. 
Materials and Methods 
The purpose of this research is to summarize the 
current literature regarding bracket detachment due to 
microleakage. An electronic search in Pub Med database 
and Web of Science was conducted through September 
2018. Only studies published in English were included in 
this research. The search in the databases used the 
following keywords: “bracket detachment/ debonding” 
OR “microleakage in orthodontics”. The studies from the 
reference list of the selected ones were then searched 
manually in the databases. 
 The inclusion criteria were: articles written in 
English, full-text articles, studies published in the last 5 
years, and all the studies performed in vitro, ex vivo and 
in vivo. The exclusion criteria were: reviews of literature 
and studies about bonding that were correlated with other 
dental specialties. 
The full-text articles remaining after the application of 
the inclusion and exclusion criteria were then evaluated in 
order to identify the eligible ones. From the studies 
included, we extracted the following data: the author(s), 
the study design, the total number of teeth used, the 
bonding technique used, the cause of bracket failure 
(detachment/ debonding and microleakage), results, and 
conclusions. 
The outcome measure in this research was the 
incidence of Orthodontic Bracket Detachment due to 
microleakage. 
Results and Discussions 
MEDLINE search resulted in 510 titles and abstracts 
that were relevant for the present topic; after selecting the 
articles published in the last five years, 74 articles 
remained - Table I. After the exclusion of all the studies 
irrelevant for the current aim, 13 articles were finally 
included in this analysis - Figure 1. 
Table 1. Articles in Medline database 
Keywords Study results Study selected 
bracket 
detachment/ 
debonding 
18 4 
microleakage in 
orthodontics 
492 9 
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Figure 1. Types of Articles 
Sha et al conducted a study on 30 extracted human 
maxillary premolars, using CAD/CAM techniques and 
customized bracket systems. They formed 5 groups of six 
teeth each in order to measure the debonding force (DF; 
N) and shear bond strength (SBS; N). The control group, 
Group 1, underwent direct bonding with a pre-adjusted 
bracket (Clippy M, Tomy); Group 2 underwent indirect 
bonding with Harmony bracket (American Orthodontic, 
Sheboygan); Group 3 underwent Incognito bracket (3m 
Unitek); Group 4 underwent indirect bonding with 
Insignia bracket (Ormco) and Group 5 underwent indirect 
bonding with Orapix bracket (Orapix). Transbond XT and 
dual-curing self-adhesive resin cements (RelyX, ESPE) 
were used. Adhesive remnants were then analyzed with 
SEM. The results revealed that Group 2 (lingual self-
ligating methods) had significantly higher DF than group 
1 (pre-adjustable self-ligating labial metal bracket). Also, 
customized brackets exhibited larger deviations in DF and 
SBS. All customized bracket systems exhibited DF that 
was equivalent or superior to pre-adjustable brackets, 
even when placed by indirect bonding (18). 
In the study conducted by Piccoli L et al, 60 dental 
elements were studied, both maxillary and mandibular, 
previously extracted for orthodontic or periodontal 
reasons. They used two different methods of orthodontic 
debonding: cutters for orthodontics and pliers for 
debonding. Three different materials for the adhesions of 
brackets were studied: light-curing adhesive system 
(Transbond XT primer, Transbond XT Adhesive Paste), 
self-curing adhesive system (Ortho-one No Mix Primer 
and paste) and glass ionomer cement (Fuji Ortho liquid 
and paste). Metallic self-ligating brackets were used in all 
6 groups. There was a significant correlation between the 
debonding techniques, the materials for membership, and 
the ARI index. In the first survey among the elements in 
which a glass ionomer cement was used, 61% of the 
sample presented value 0 in the ARI index, compared to 
8% of the items for which a light-curing composite was 
used and 31% among the elements for which a self-curing 
composite was used.  The second survey investigation 
showed no significant values (p value >α). The results 
showed that adhesive bond failure site during debonding 
varies according to the material used for bonding. The 
highest values of the ARI index were recorded with the 
use of a light-cured composite; the same behavior was 
observed for the self-curing composites (19). 
Arash V et al. conducted a study on 120 extracted 
human maxillary premolar teeth, which were randomly 
divided into 4 groups: HM group (metallic bracket/ 
conventional bonding agents), SM group (metallic bracket 
(Standard-022, Dentaurum)/ Transbond self-etching 
primer), HC group (ceramic bracket/ conventional 
bonding agent Transbond XT), SC group (ceramic 
bracket/ Transbond self-etching primer). The ARI index 
was determined under stereomicroscope and the enamel 
detachment index was evaluated with SEM. The mean 
shear bond strength values were (MPa+/- SD): HM 
group=12.59, SM group=11.15, HC group=7.7, SC 
group=7.41. The conclusion was that the bond strength 
showed significant differences between groups: HM and 
HC, SM, and SC (p<0.05) (20). 
Kaneshima et al used 60 human molars. Orthodontic 
tubes (3M) were bound on teeth using the following 
adhesive systems: O-Opaque (Enlight, Ormco), LF-low 
fluorescence (Transbond Color Change, 3M), HF-high 
fluorescence (Orthocem UV Trac, FGM). After 
debonding, the groups were subdivided according to the 
AR removal method: with/ without UV light. They used 
direct visual analysis, SEM, and time quantification for 
AR removal. AR removal with light was significantly 
faster compared to without UV light (p<0.0001). The use 
of UV light may aid orthodontists in removing AR more 
thoroughly and in a shorter period of time (21). 
In the study of Hedayati et al, 40 human premolars 
were used and divided into 4 equal samples: Group I: 
Acid etch plus Transbond XT primer and Transbond XT 
adhesive, Group II: Acid etch plus Transbond XT primer 
and nanocomposite (Filtek Z350), Group III: 
Scotchbond™ Universal primer plus Transbond XT, and 
Group IV: Scotchbond™ and nanocomposite. The 
sections were prepared in order to compare the 
microleakage values in the groups at occlusal and gingival 
margins under the stainless steel brackets. Statistical 
analysis was done using the ANOVA test. The results 
showed that the gingival side had a statistically higher 
value of micro- leakage. The nanocomposite Filtek Z350 
presented higher values of microleakage in the occlusal 
and gingival side of the brackets related to Transbond XT. 
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The brackets that were bound using acid etch showed 
higher values in comparison with the group in which 
Scotchbond was used. In the groups that were bound with 
nanocomposites, the values of microleakage were higher 
(22). 
Öztürk et al conducted a study on 30 human maxillary 
premolars that were divided into five groups and ceramic 
brackets were bound. One group of teeth had the bonding 
performed with Transbond XT and the other groups were 
bound through an indirect technique with Custom I.Q. 
(Reliance Orthodontic Products), Sondhi Rapid-Set (3M 
Unitek), RMbond (RMO), and Transbond IDB (3M 
Unitek). In order to evaluate microleakage, the Skyscan 
Micro Ct system model 1172 was used. The Kruskal-
Wallis test and Wilcoxon signed rank test were used for 
the statistical analysis. As for the values of microleakage, 
there was no significantly statistical difference between 
the studied groups according to the Kruskal-Wallis test, 
but the Wilcoxon signed rank test indicated different 
values regarding the coronal microleakage volume and 
the percentage in the groups with RM bond and 
Transbond IDB (23). 
Pakshir et al used 120 bovine deciduous lower 
incisors that were divided in four groups and bound with 
metallic brackets: Group I: Acid etching + Transbond XT 
primer + direct illumination, group II: acid etching + 
Transbond XT primer + transillumination, group III: 
Transbond XT self-etching primer + direct illumination 
and Group IV: Transbond XT self-etching primer + 
transillumination. In order to assess the values of 
microleakage, dye penetration was used and sections at 
the enamel-adhesive and adhesive-bracket interfaces were 
made and then observed under the stereomicroscope. 
Statistical evaluation was performed using the Kruskal-
Wallis and Mann-Whitney U tests. All the compared 
groups presented higher values at the gingival margin 
compared to the incisal one, with statistically significant 
differences in groups where the transillumination was 
performed (24). 
Kim et al conducted a study on 40 human maxillary 
premolars, comparing the microleakage values under 3M 
Unitek APC Flash-Free Adhesive Coated System bracket 
and the APC PLUS Adhesive Coated System bracket after 
thermal cycling. Afterwards, the samples were preserved 
in a water bath for 24h and thermocycled for 5000 cycles 
and immersed in 2% methylene blue solution. The teeth 
were then put in acrylic and sectioned. The Mann-
Whitney U test was applied. The values of microleakage 
were observed at the enamel-adhesive interface from both 
sides (occlusal and gingival) and microleakage was higher 
in the Flash-Free group (25). 
In 2015, Alkis et al studied 144 human maxillary 
premolar teeth with metallic bracket bonding, that were 
divided into four groups and further on subdivided into 
three sub-groups. Group 1- Transbond XT, GreenGloo 
and Kurasper F, Group 2- Transbond Plus SEP, Bond 
Force and Clearfil S3 with Transbond XT composite 
resin, Group 3- three two-step self-etching bonding 
systems (Clearfil SE Bond, Clearfil Protectbond and 
Clearfil Liner Bond with Transbond XT composite resin) 
and Group 4- three self-adhesive resin cements (Maxcem 
Elite, Relyx U 100 and Clearfil SA Cement). The teeth 
were then sealed with nail varnish, stained with 0.5% 
basic fuchsine for 24h and then evaluated at the adhesive-
enamel, adhesive-bracket interfaces from the occlusal and 
gingival margins. The statistical analyses were done using 
Kruskal–Wallis and Wilcoxon signed-rank tests. The 
results showed no statistically significant differences 
regarding microleakage, with higher values at the enamel-
adhesive interface. The authors concluded that 
microleakage was not influenced by the type of adhesive 
used (26). 
In the study performed by Tudehzaeim, 60 human 
premolar teeth were analyzed and divided into three 
groups. The first group was the control group. Metal 
brackets were bound and, after that, debound in groups 2 
and 3. The adhesive was removed at the base of the bound 
brackets by sandblasting and Er-YAG laser. The brackets 
were than rebound and the teeth were stained with 2% 
methylene blue for 24 hours, sectioned and examined 
under a stereomicroscope. The values of microleakage 
were evaluated. The Kruskal-Wallis test was used for the 
statistical analysis. The microleakage values showed no 
statistically significant difference (P>0.05). As for the 
microleakage at the enamel-adhesive interface, the 
gingival margins exhibited higher micro- leakage values 
and, in the adhesive bracket interface, the occlusal margin 
showed higher micro leakage values. Er-YAG laser 
irradiation and sandblasting for the removal of the 
adhesive from brackets exhibited acceptable microleakage 
values (27). 
Toodehzaeim et al conducted a study on 90 human 
premolars that were divided into six groups bound with 
metallic brackets. G1 (control): After acid etching, assure 
primer and assure adhesive were applied on non-
contaminated enamel surfaces. G2 (contaminated after 
etching): The etched enamel surface was exposed to 
saliva and then assure primer and assure adhesive were 
applied. G3 (contaminated after priming): Saliva 
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contamination was done after the use of assure primer. 
The teeth were stained with 2% methylene blue for 24 
hours, sectioned and examined under a stereomicroscope 
at ×16 magnification.  The statistical analysis was 
performed using the Fisher’s exact test. In dry conditions, 
Assure and TMIP revealed insignificant differences 
regarding microleakage values. The contaminated groups 
showed higher values of microleakage at the 
enamel/adhesive interface (P< 0.01). In wet conditions, 
assure groups revealed higher values of microleakage at 
the enamel-adhesive interface (P<0.05). The micro- 
leakage values at the enamel-adhesive interface were 
higher compared to the adhesive-bracket interface 
because of saliva contamination (28). 
In 2014, Toodehzaeim et al conducted a study on 33 
human premolar teeth that were divided into three groups 
bound with stainless steel brackets, acid etching group 
(group 1), laser etching with Er: YAG at 100 mJ and 15 
Hz for 15s (group 2), and laser etching with Er: YAG at 
140 mJ and 15 Hz for 15s (group 3). Significant 
differences were not detected between the three groups. 
The teeth were sealed with nail varnish, stained with 2% 
methylene blue for 24h, sectioned and examined under a 
stereomicroscope. The statistical analysis was performed 
using the Kruskal-Wallis test. The microleakage values at 
the bracket-adhesive interface showed no significant 
difference in saliva contaminated groups. No significant 
differences were observed for the adhesive-enamel and 
bracket-adhesive surfaces either. The conclusion from this 
research was that the Er: YAG laser with 1.5 and 2.1 watt 
may be used as an adjunctive in order to perfect the 
surface for orthodontic bracket bonding (29).  
In 2014, Shahabi et al studied 100 human premolar 
teeth, divided into 5 groups and bound with stainless steel 
brackets. The teeth were kept in a cariogenic solution for 
12 weeks. The teeth for groups 1 and 2 underwent acid 
etching for 30 and 120 seconds, while the group 3 
underwent laser and acid etching. In groups 4 and 5, a 
self-etch primer (SEP) was used and the specimens were 
put in acidulated phosphate fluoride (APF) for 4 minutes 
before the etching process. The brackets were bound on 
the enamel surface, and then the specimens were put in 
methylene blue for 12 hours and placed in acrylic resin. 
The teeth SBS was determined with an Instron Universal 
Testing Machine and the value of microleakage was 
determined under a stereomicroscope. The highest values 
were observed in the specimens prepared by APF + acid 
etching. A significant difference in SBS (p=0.009) was 
observed. A high frequency of bond failure in the enamel-
adhesive interface was observed in the SEP group. The 
conclusion of this study was that the enamel preparation 
with SEP displayed the lowest SBS of all the groups that 
were studied. The correlation between SBS and 
microleakage was not significant even though all the 
groups presented some amount of microleakage (30).
  
The incidence of bracket detachment/ debonding is 
increased during orthodontic treatment due to several 
factors, although progress in this field has been significant 
in the last years. On this basis, we conducted the present 
study which has focused only on the latest publications 
from the past five years. 
Orthodontic treatment requires the use of various 
removable and fixed appliances to correct different 
malocclusions of the teeth, also improving the oral and 
general health of the treated patients. 
The main components of the fixed treatment are 
ceramic or metal brackets that are attached to teeth with 
different types of adhesives. Wires and springs attached to 
these brackets determine the movement of the teeth, 
therefore it is essential for the brackets to remain attached 
to the enamel surface during the entire course of 
treatment. However, bracket debonding still remains the 
main concern in case the movement takes place. 
At present, new techniques based on three-
dimensional scanning, computer-aided design, computer-
aided manufacturing (CAD-CAM) techniques, 
customized bracket systems and lasers have come to 
improve conventional orthodontic treatment. However, 
literature data remain limited regarding these recent 
techniques. The customized types of brackets have shown 
larger deviations in the debonding force and shear bond 
strength that is equal or superior to pre-adjustable 
brackets placed by indirect techniques (18). 
In a recent study, Piccoli et al showed that the use of 
orthodontic cutters or debonding pliers does not affect the 
adhesive bond failure site and both techniques leave an 
important quantity of adhesive on the enamel’s surface. 
Also, in resin reinforced glass ionomer cements, the 
pattern of the debonding presents a higher risk of enamel 
damage. When photopolymerizing or self-curing 
composite resins are used, the values of the ARI Index are 
higher, so the remaining adhesive needs to be removed by 
other methods, thus increasing the risk of iatrogenic 
injuries (19). 
Some of the studies attempted to investigate whether 
adhesive bond varied in relation to the material used in 
bonding and debonding methods. Most of these studies 
have shown that the metallic brackets presented a higher 
bond strength compared to ceramic brackets, also the self-
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etching primer used determined fewer bonds in 
comparison with conventional techniques (20). 
In 2017, Kaneshima et al demonstrated that AR 
removal with UV light was significantly faster in 
comparison with the no UV light method (p<0.0001), 
removing AR more efficiently and in less time (21). 
The studies included in this research regarding 
microleakage showed that, when comparing the occlusal 
and the gingival sides of brackets, the gingival side 
displayed statistically higher microleakage values than the 
occlusal side. 
In 2018, Hedayati et al reported the superiority and 
efficiency of Transbond XT when combined with 
Scotchbond primer adhesive over Filtek Z350 regarding 
the limitation of the microleakage under bound stainless 
steel brackets (22). 
The study performed by Öztürk et al showed no 
significant difference between the type of bonding 
techniques and the adhesive material used for the 
microleakage between the enamel-composite-bracket 
complexes examined under ceramic brackets. 
Microleakage occurred more in the coronal region in RM 
bond and Transbond IBD in indirect bonding groups (23). 
A study by Pakshir et al on the effect of enamel 
preparation and light curing methods on microleakage 
found that microleakage is minimized if all the margins of 
the stainless steel brackets are cured directly (24). 
In 2016, Kim et al concluded that there is no 
significant difference regarding the microleakege values 
on APC Flash-Free and APC Plus adhesive coated 
systems (25). 
The in vitro study performed by Alkis et al showed a 
higher microleakage value in the adhesive-enamel 
interface that in the adhesive-bracket interface (26). 
Toodehzaeim et al found that the microleakage value 
was higher in bracket-adhesive interfaces in all groups 
except for the sandblast group. The microleakage VALUE 
was higher in the gingival margin at the enamel-adhesive 
interfaces and in the occlusal margin at the adhesive-
metal bracket interfaces (27). 
Toodehzaeim et al found no significant difference 
between Assure and TMIP. Regarding the enamel-
adhesive interface, a higher microleakage VALUE 
following saliva contamination was evidenced compared 
to bracket-adhesive interface. In the groups contaminated 
with saliva, a lower microleakage score was observed at 
the enamel-adhesive interface of Transbond Plus/TIMP 
compared to Assure. Another study in which laser was 
used for etching showed that Er Yag laser may be used as 
an adjunctive technique in order to prepare the surface for 
orthodontic stainless steel bracket bonding (28, 29). 
There was no correlation between shear bond strength 
and microleakage as showed in the study conducted by 
Shahabi et al. (30). 
The existing close bi-directional relationship between 
oral, the general health, and its impact on the health and 
quality of the individual’s life supports a strong 
conceptual basis for integration between oral healthcare 
and general healthcare perspectives. The oral health status 
of a population is of great importance and it can be 
associated with chronic diseases or common risk factors 
such as hypertension, diabetes and obesity (31-37). 
Patients that undergo orthodontic treatments may be 
healthy patients or may be suffering from different 
pathologies of the cardiovascular system, the respiratory 
system (one of the most common would be sleep apnea), 
and the digestive system. These types of pathologies may 
or may not interfere with the orthodontic treatment (38-
45). 
The reasons that determine the choice of patients to 
experience orthodontic treatments is the desire for 
straight, aligned, and whiter teeth, thus focusing on the 
esthetic choice of modern society. The color of the teeth 
and their position are very important aspects and, because 
of that, patients try to reach lighter shades (46-48).  
A study on a target group of 1,517 children showed a 
prevalence of 51% dento-maxillary anomalies. In addition 
to the prevalence of dento-maxillary anomalies, this study 
has also assessed the need for orthodontic treatment: 22% 
- high orthodontic treatment, 28% - mean orthodontic 
treatment, 49% - no orthodontic treatment (49). 
Limitations  
The limitations of this research are that only 13 
articles could be analyzed and the meta- analysis could 
not be realized because of the lack of homogenous 
studies. 
Conclusions and future directions 
In vitro studies have shown that the microleakage 
value was higher in the gingival margin at the enamel-
adhesive interfaces and in the occlusal margin at the 
adhesive-metal bracket interfaces. 
Bracket debonding remains the main concern during 
the orthodontic treatment, despite new techniques based 
on three-dimensional scanning, computer aided design, 
computer aided manufacturing (CAD-CAM techniques), 
customized bracket systems and lasers, which may 
improve the conventional orthodontic treatment. 
Literature data remain limited regarding these ultimate 
techniques and this is why it is imperatively necessary to 
conduct further studies on this subject. 
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